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The title compound, [Li404(Ci2H8BO)4(C4HioO)4], features a 
Li404 cube. Each Li atom in the cube is additionally 
coordinated by a diethyl ether molecule and each O atom in 
the cube carries a 9-oxa-lO-boraanthracene residue. The 
crystal studied was a non-merohedral twin [twin law (-100/0 
0 1/010); the contribution of the major twin component 
refined to 0.553 (3)] emulating apparent tetragonal symmetry, 
whereas the actual crystal system is just orthorhombic. 



Experimental 

Crystal data 

[Li404(Ci2HsBO)4(C4HioO)4 

M, = 1104.22 
Orthorhombic, Pnali 
a = 21.4805 (8) A 
b = 17.6053 (10) A 
c = 17.5723 (8) A 

Data collection 

Stoe IPDS II two-circle 

diffractometer 
77138 measured reflections 

Refinement 

R[F^ > 2a(F^)] = 0.077 

wR(F^) = 0.204 

5 = 1.04 

6262 reflections 

758 parameters 



V = 6645.3 (5) A^ 
Z = 4 

Mo Ka radiation 
/X = 0.07 mm^' 
r = 173 K 

0.30 X 0.30 X 0.25 mm 



6262 independent reflections 
4842 reflections with / > 2o-(/) 
Ri„, = 0.114 



29 restraints 

H-atom parameters constrained 
Ap„ax = 1-10 e A"' 
Ap„i„ = -0.35 e A"=' 



Data collection: X-AREA (Stoe & Cie, 2001); cell reflneinent; X- 
AREA; data reduction: X-AREA; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: XP (Sheldrick, 
2008); software used to prepare material for publication: SHELXL97 
and PLATON (Spek, 2009). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: BG2423). 



Related literature 

For chalcogenolate ligands used to stabilize transition metal 
centers, see: Wolczanski (2009); Kiickmann et al. (2005, 2008, 
2010). For synthetic details, see: Davidson & French (1960); 
Mikoshiba et al. (2003); Zuideveld et al. (2002); Knizek & 
Noth (2000). For related structures, see: Kiickmann et al. 
(2007); Lerner et al. (2002). 




References 

Davidson, J. M. & French, C. M. (1960). / Chem. Soc. pp. 191-195. 
Knizek, J. & Noth, H. (2000). J. Organomet. Chem. 614-615, 168-187. 
Kuckmann, T. I., Bolte, M., Wagner, M. & Lerner, H.-W. (2007). Z. Anorg. 

Altg Chem. 633, 290-297. 
Kuckmann, T. I., Hermsen, M., Bolte, M., Wagner, M. & Lerner, H.-W. (2005). 

Inorg Chem. 44, 3449-3458. 
Kuckmann, T. I., Schodel, F., Sanger, I., Bolte, M., Wagner, M. & Lerner. H.-W. 

(2008). Organometallics, 27, 3272-3278. 
Kuckmann, T., Schodel, E, Sanger, I., Bolte, M., Wagner, M. & Lerner, H.-W. 

(2010). Eur. J. Inorg Chem. 2010. 468-475. 
Lerner, H.-W, Scholz, S. & Bolte, M. (2002). Organometallics, 21, 3827-3830. 
Mikoshiba, K., Iwasaki, H., Maruyama, T. & Hamano, S.-I. (2003). Patent WO 

2003/033002. 

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 

Spek, A. L. (2009). Acta Cryst. D65, 148-155. 

Stoe & Cie (2001). X-AREA. Stoe & Cie. Darmstadt, Germany. 

Wolczanski, P. T. (2009). Chem. Commun. pp. 740-757. 

Zuideveld, M. A., Swennenhuis, B. H. G, Boele, M. D. K., Guari, Y., van 
Strijdonck, G. P R, Reek, J. N. H., Kamer, P C. J., Goubitz, K., Fraanje, J., 
Lutz, M., Spek, A. L. & van Leeuwen, P W. N. M. (2002). J. Chem. Soc. 
Dalton Trans, pp. 2308-2317. 



Acta Cryst. (2011). E67, ml 525 



doi:10.1 107/S160053681 1041201 



Franz et a/. m1525 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, ml525 [ doi:10.1107/S1600536811041201 ] 
Tetrakis(/'3-9-oxa-10-boraaiithraceii-10-olato)tetrakis[(diethyl ether)lithium] 
D, Franz, H.-W. Lerner, D. Biittner and M, Bolte 

Comment 

In this study, the accordance of the structural characteristics between the alkali metal salts of borinic acids, M^[EBR2]" (E = 
O), and the related silyl chalcogenolates M^[ESiR3]" (E = O, S, Se, Te) is taken into account. It has been shown that chal- 

cogenolate ligands of the type [ESiRs]' (E = O, S, Se, Te) were used to stabihze transition metal centers (Wolczanski, 2009; 
Kiickmann et al, 2005, 2008, and 2010). These ligands have also been applied in the field of macromolecular chemistry. 
Normally, transition metal complexes possess 6 e' chalcogenolate ligands in a binding mode. Recently, however, we have 
shown that the anion of the mixed valence Mn(l/ll) complex [Na(thf)5][(OC)3Mn(//-SSi?Bu3)3MnSSi^Bu3] contains a ter- 
minal thiolate ligand with a linear Mn — S — Si unit (Kiickmann et al. , 2008). The prerequisite for electronic communication 
between the metal center and the ligand is thus fulfilled. By an attempt to synthesize compound III (Fig. 1) we obtained as a 
by-product single crystals of the title compound (IV). The starting materials I and II were synthesized by modification of the 
procedures reported in the literature (Mikoshiba et al, 2003; Davidson & French, 1960; Zuideveld et al., 2002). IV displays 
a heterocubane structure in the solid state. Related structural motifs are found in the silyl chalcogenolates (Na[OSi?Bu3])4, 
(Na[OSiPh?Bu2])4, and ([Na(thf)][OSiMePh2])4 (Lerner et al. 2002; Kiickmann et al, 2007). In conclusion, the sohd-state 
structure of IV provides further evidence for the diagonal relationship between B and Si. 

The title compound (Fig. 2) features a Li404 cube. Each Li atom in the cube is additionally coordinated by a diethyl ether 
molecule and each O atom in the cube carries a 9-oxa-lO-bora-anthryl residue. 

Experimental 

All transformations were carried out under an atmosphere of dry nitrogen using standard Schlenk techniques and carefully 

dried solvents. The ^^B NMR spectrum was recorded on a Broker Avance 300. The borinic acid II (1.18 g, 6.0 mmol) was 
dissolved in Et20 (40 ml) and cooled to 0 °C. Under vigorous stirring a solution of Li[AlH4] (9 mmol) in Et20 (19 mL) 
was added dropwise over a period of 30 min (beforehand, few small crystallites of 2,2'-biquinoline had been added to the 
ethereal Li[AlH4] solution as a color indicator for the consumption of Li[AlH4]). The mixture was allowed to warm to 

room temperature over night yielding a pale yellow suspension. In the ' ^B NMR spectrom (in CgDg/THF (1:1), referenced 

to extemal BF3'Et20) a triplet was observed at -24.0 ppm ( Vbh ^ 78 Hz) which indicated conversion into the putative 

9,9-dihydrido-9-oxa-10-borataanthracene (III) {cf. hthium 9,9-dihydrido-9-boratafluorene: (5(^^B) = -22.3 (V.r = 77 Hz) 
in CDCI3) (Knizek & Noth, 2000). The solid was removed by filtration. The clear solution was subject to a crystallization 
experiment implementing gas phase diffusion exchange of solvent with a reservoir containing a mixture of hexane/pentane 
(15 ml/15 ml). After three weeks a few cubic crystals of the title compound (IV) were obtained. 
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Refinement 

Due to the absence of anomalous scatterers, the absolute stracture could not be determined and 6701 Friedel pairs were 
merged. All H atoms were geometrically positioned and refined using a riding model with fixed individual displacement 
parameters [U(H) = 1.2 Ugq{C) or U(H) =1.5 C/eq(Cmethyl)] using a riding model with C — H ranging from 0.95 A to 0.99 
A. The C — C distances in the ether molecules were restrained to be equal within an effective e.s.d. of 0.01 A. The crystal 
was a non-merohedral twin emulating apparent tetragonal symmetry. The b and c axis are of very similar lengths. The twin 
law is (-1 0 0 / 0 0 1 / 0 1 0) and the contribution of the major twin component refined to 0.553 (3). 



Figures 




Fig. 1. Synthesis of the title compound. 



Fig. 2. Perspective view of the title compound with displacement ellipsoids drawn at the 30% 
probability level. H atoms omitted for clarity. 



Tetrakis(|j3-9-oxa-1 0-boraanthracen-1 0-olato)tetral<is[(diethyl ether)lithium] 



Crystal data 

[Ll404(Ci2H8BO)4(C4HioO)4] 

Mr= 1104.22 

Orthorhombic, Pna2\ 

Hall symbol: P 2c -2n 

a = 21.4805 (8) A 

fe= 17.6053 (10) A 

c= 17.5723 (8) A 

K= 6645.3 (5) A^ 
Z = 4 



^"(000) = 2336 

Dx= 1.104 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 31407 reflections 

6 = 2.6-27.6° 

H = 0.07 mm"' 

T= 173 K 

Block, colourless 

0.30 X 0.30 X 0.25 mm 



Data collection 



Stoe IPDS II two-circle 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 



4842 reflections with / > 2a(/) 
i?mt = 0.114 

Qmax = 25.0°, 9,Tiin = 2.6° 
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CO scans h = -25— >24 

77 1 3 8 measured reflections k = -20— >20 

6262 independent reflections I = -20— >20 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F^ > 2o(F^)] = 0.077 



wRiF^) = 0.204 

5'= 1.04 

6262 reflections 
758 parameters 
29 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred fi^om neighbouring 
sites 

H-atom parameters constrained 

w= l/[0Vo^) + (O.1379P)^] 

where ^ = (^^0^ + 27^0^3 
(A/aW< 0.001 

Apmax=1.10eA"^ 

Apmin = -0.35eA"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d. 's involving l.s. planes. 

Refinement. Refinement ofF^ against ALL reflections. The weighted /J-factor wR and goodness of flt S are based on F^, convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > c{F^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


V 


z 


TJ- *IJT 


Lil 


0.2089 (6) 


0.3403 (9) 


0.3594 (8) 


0.038 (3) 


Li2 


0.2083 (6) 


0.3930 (7) 


0.2230 (8) 


0.036 (3) 


Lis 


0.3031 (7) 


0.4314(8) 


0.3137 (9) 


0.042 (3) 


Li4 


0.2925 (7) 


0.2883 (8) 


0.2619 (9) 


0.043 (3) 


01 


0.1998 (2) 


0.2886 (3) 


0.2596 (3) 


0.0329 (12) 


Bl 


0.1703(4) 


0.2205 (7) 


0.2502 (6) 


0.040 (2) 


Oil 


0.1002(3) 


0.0777 (4) 


0.2420 (4) 


0.0493 (16) 


Cll 


0.1805 (4) 


0.1534(4) 


0.3043 (5) 


0.036 (2) 


C12 


0.1448(4) 


0.0847 (5) 


0.2990 (5) 


0.0366 (19) 


C13 


0.1513(5) 


0.0228 (5) 


0.3464 (6) 


0.052 (3) 


H13 


0.1263 


-0.0212 


0.3394 


0.063* 


C14 


0.1950 (5) 


0.0258 (6) 


0.4045 (6) 


0.050 (2) 


H14 


0.1996 


-0.0163 


0.4379 


0.060* 


C15 


0.2324 (5) 


0.0898 (5) 


0.4146 (6) 


0.048 (2) 


H15 


0.2629 


0.0908 


0.4536 


0.058* 
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